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ess: elin.tollefsen@ntnuSummary The objective was to study sex differences in adolescence regarding
prevalence of asthma and current wheeze and to explore the association between
respiratory symptoms and hereditary, lifestyle and socioeconomic factors.
Young-HUNT included data comprehensive questionnaire on health, disease,
lifestyle and social factors from 8817 teenagers 13–19 years conducted in 1995/97
(89% response rate). Questionnaire on respiratory symptoms was based on the
International Study of Asthma and Allergy in Childhood (ISAAC).
In age groups 13–16 and 17–19 years, current wheeze was reported by 29.0% and
33.5% among girls and 20.4% and 22.1% among boys, whilst the corresponding figures
for asthma were 8.5% and 12.2% among girls and 7.1% and 7.0% among boys. Both
wheeze and asthma were significantly more prevalent and increased with age in girls
compared to boys. Heredity was associated with asthma, but the association was
strongest between parents and children of the same sex. Environmental smoking was
associated with asthma and wheeze in girls only. Girls reported more asthma and
wheeze in association with overweight compared to boys.
Girls reported more wheeze and asthma than boys and seemed more susceptible
to risk factors such as environmental smoking and overweight than boys. Moreover,
girls with mothers having asthma were more likely to be diagnosed as asthmatics
themselves.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Epidemiological studies from different parts of the
world have shown considerable variations in the
prevalence of respiratory symptoms. Among chil-
dren, adolescents and adults, there seem to be an
increase in prevalence of asthma of about 0.3% per
every 8–10 years time period described in papers
from 1966 to 1994.1 A recent paper have reported a
continuous ongoing increase in prevalence of mild
symptom asthma and wheeze among children 8–9
years during the last decade,2 while others have
suggested no further increase in asthma during the
1990s.3–5
Asthma usually starts in early childhood and
often persists throughout life.6 Childhood asthma
has been found to be more common among boys
than girls,7 while persistent asthma seems to be
more frequent in adult females than males.8 The
teenage group is not previously found to be entirely
described. Although respiratory symptoms are
common in adolescence, little is known about sex
differences in the impact of risk factors in teenage
years. The sex difference in prevalence of respira-
tory symptoms may partly be due to psychosocial
factors with girls reporting more symptoms in
general with age.9 On the other hand, differences
might be a result of different susceptibility to
environmental factors.
The objective was to study sex differences in
adolescence regarding prevalence of asthma and
current wheeze and to explore the association
between respiratory symptoms and hereditary,
lifestyle and socioeconomic factors.Material and methods
Study population
The county of Nord-Trøndelag, situated in a
central area of Norway, has about 127,000 inhabi-
tants. In 1995/97 all inhabitants, 13 years and
older, in the county were invited to join the
Nord-Trøndelag Health Study (HUNT). Students
in Junior High and High Schools, 13–19 years,
were invited to the youth part of the study;
Young-HUNT.
Methods
Students completed a self-administered question-
naire during one school hour in an exam setting.
The questionnaire included respiratory symptoms
based on the International Study of Asthma andAllergy in Childhood (ISAAC) questionnaire.10 With-
in a month after completing the questionnaire, the
students underwent a clinical examination includ-
ing standardized measures of height and weight
wearing light clothes without shoes. Height was
read to the nearest cm and weight to the nearest 1/
2 kg. Data from the adult part of the Nord-
Trøndelag Health Study (HUNT) containing self-
reported information from the mothers and fathers
was merged with the student files, allowing
adjustment for parental self-reported asthma and
socioeconomic status.Variables
Outcome measures were self-reported current
wheeze and current doctor diagnosed asthma
(DDA). Subjects who reported ‘‘wheeze ever’’ and
‘‘wheeze last 12 months’’ were defined as having
current wheeze. In this paper we have restricted
the term asthma to subjects who reported
‘‘wheeze last 12 months’’ and ‘‘asthma diagnosed
by a doctor’’.
Allergy was defined as answering yes to ‘‘having
allergy’’ and ‘‘having taken an allergy test at the
doctor’’. Current rhinitis was defined as yes to
‘‘ever having sneezing or blocked nose without a
cold’’ and ‘‘sneezing or blocked nose without
a cold last 12 months’’. Environmental smoking
was defined as exposure to smoking at home by
mothers, fathers or siblings. Current smoking
was defined as yes to ‘‘daily or occasional smoking’’
or reported number of cigarettes smoked daily.
The question on physical activity, ‘‘outside of
school, how many days a week do you perform
sports or exercise until you get short of breath
and/or sweaty’’, has been used in previous stu-
dies11 and involves frequency, endurance and
intensity. Those who exercised less than twice a
week were defined as having low physical activity.
To define BMI we used the International Obesity
Task Force described by Cole et al.12 Each sex
and age (by half year) has percentile cut off
points for overweight and obesity. At age 18,
adult cut off points are used, overweight being
defined as BMI X25 kg/m2. The overweight group
included those defined as overweight or obese.
Junior High School students have not yet chosen
educational approach. Senior High School students
who had chosen an academic education were
compared to those with vocational training. Low
socioeconomic status was defined as father
not having academic education beyond Senior
High School.
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All participants, and parents of children under the
age of 16 years, signed a written consent to take
part in the study. The study was approved by the
Regional Committee for Medical Research Ethics
and the Norwegian Data Inspectorate Board.Statistical analysis
Statistical Package for the Social Science version
12.0 (SPSS Inc, Chicago, IL) was used for all
analysis.
Current wheeze and asthma were used as depen-
dent variables in separate regression models. All
analysis were stratified by sex and age. In order to
compare early and late adolescence, age was
divided into two groups; 13–16 and 17–19 years,
according to school level. All independent variables
were tested separately before being included into
three logistic regression models; potential heredi-
tary asthma triggers, lifestyle and socioeconomic/
education factors. The socioeconomic/education
model was, in addition, adjusted by current smok-
ing. In logistic regression analysis missing was
recoded as no to the question asked. This procedure
did not affect the result.
All hypothesis testing was conducted assuming a
0.05 significance level and a two-sided alternative
hypothesis. Odds Ratio was completed with 95%
confidence interval and P-value.Results
The participation rate in Young-HUNT 1995/97 was
89%. As the list of invitation was based on school
level rate than age, 12-year-old ðn ¼ 127Þ and 20-
year-old students ðn ¼ 40Þ were excluded from
further analysis, leaving Young-HUNT data from
5934 students aged 13–16 years (50% girls) and 2883
students aged 17–19 years (49% girls) eligible for
analyses.Table 1 The prevalence of current wheeze and asthma,
13–16 years
Girls n ¼ 2970 Boys n ¼ 2964
% 95% CI % 95% C
Current wheeze 29.0 (27.4–30.6) 20.4 (19.0
Asthma 8.5 (7.5–9.5) 7.1 (6.2–Prevalence (Table 1)
Crude prevalence of current wheeze was higher in
girls compared to boys independent of age. Higher
prevalence by age was seen in girls only. Prevalence
of asthma showed no significant sex difference in
the age group 13–16 years, but in the age group
17–19 years, girls reported more asthma than boys .
Characteristics of the study population
(Table 2)
Prevalence of allergy and smoking was signifi-
cantly higher with age in both sexes. No sex
difference was found for allergy in either age
groups, but girls were current smokers significantly
more often than boys in both age groups. No
significant difference was found in prevalence of
overweight, mothers/fathers reporting asthma or
environmental smoking between sexes or age
groups, but significantly more girls exercised less
than twice a week compared to the boys indepen-
dent of age .
Associations (Table 3)
Reported allergy and current rhinitis were asso-
ciated with asthma and current wheeze in both
sexes and age groups. Parental asthma was gen-
erally associated with asthma. In sex-stratified
analysis, mother having asthma seemed to be more
important in girls, especially the youngest, com-
pared to father having asthma. In the older boys
the opposite was the case, with higher OR for
father than mother having asthma. No significant
association was found between current wheeze and
father having asthma, while mother having asthma
was barely significant for wheeze only in the
youngest age groups and for girls in the oldest age
group .
Environmental smoking was associated with
both asthma and current wheeze in girls, but only
with wheeze for the older age group in boys.
Current smokers in both sexes and age groupsstratified by gender and age group.
17–19 years
Girls n ¼ 1414 Boys n ¼ 1469
I % 95% CI % 95% CI
–21.9) 33.5 (31.0–36.0) 22.1 (20.0–24.2)
8.0) 10.0 (8.4–11.6) 7.0 (5.7–8.3)
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Table 2 The prevalence of potential risk factors for current wheeze and asthma.
Potential risk factors 13–16 years 17–19 years
Girls n ¼ 2970 Boys n ¼ 2964 Girls n ¼ 1414 Boys n ¼ 1469
% 95% CI % 95% CI % 95% CI % 95% CI
Allergy 15.5 (14.2–16.8) 17.6 (16.2–19.2) 21.4 (19.3–23.5) 21.5 (19.4–23.6)
Current rhinitis 29.7 (28.1–31.3) 26.6 (25.0–28.2) 36.5 (34.0–39.0) 33.7 (31.3–36.1)
Mother asthma 5.9 (5.1–6.8) 6.3 (5.4–7.2) 5.7 (4.5–6.9) 6.1 (4.9–7.3)
Father asthma 4.7 (3.9–5.5) 6.0 (5.2–6.9) 4.7 (3.6–5.8) 5.9 (4.7–7.1)
Environmental smoking 54.6 (52.8–56.4) 53.6 (51.8–55.4) 53.4 (50.8–56.0) 54.6 (52.1–57.2)
Current smoking 17.8 (16.4–19.2) 14.7 (13.4–16.0) 33.9 (31.4–36.4) 27.2 (24.9–29.5)
Overweight 15.9 (14.6–17.2) 16.4 (15.1–17.7) 17.3 (15.3–19.3) 16.3 (14.4–18.2)
Low physical activity 31.6 (29.9–33.3) 26.1 (24.5–27.7) 41.6 (39.0–44.2) 36.4 (33.9–38.9)
Low parental socioeconomic status 48.0 (46.2–49.8) 48.9 (47.1–50.7) 49.6 (47.0–52.2) 49.7 (47.1–52.3)
Non-academic educational approach 30.6 (28.2–33.0) 44.0 (41.5–46.5)
Table 3 Odds Ratio with 95% CI for asthma and current wheeze in three separate models stratified by gender
and age group.
Categories of independent variables Asthma Current wheeze
Girls Boys Girls Boys
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
13–16 years
Allergy 6.44 (4.8–8.6) 6.69 (4.9–9.1) 2.81 (2.3–3.5) 2.71 (2.2–3.4)
Current rhinitis 2.73 (2.0–3.6) 2.05 (1.5–2.8) 2.63 (2.2–3.1) 2.59 (2.1–3.2)
Mother asthma 4.12 (2.7–6.2) 2.48 (1.6–3.9) 1.87 (1.3–2.6) 1.46 (1.0–2.1)
Father asthma 1.80 (1.1–3.0) 2.01 (1.2–3.3) 1.15 (0.8–1.7) 1.16 (0.8–1.7)
Environmental smoking 1.58 (1.2–2.1) 1.09 (0.8–1.5) 1.46 (1.2–1.7) 1.14 (0.9–1.4)
Current smoking 1.05 (0.7–1.5) 1.41 (1.0–2.1) 1.93 (1.6–2.4) 2.14 (1.7–2.7)
Overweight 1.57 (1.1–2.2) 1.42 (1.0–2.0) 1.41 (1.1–1.7) 1.51 (1.2–1.9)
Low physical activity 1.04 (0.8–1.4) 0.91 (0.7–1.3) 1.09 (0.9–1.3) 0.97 (0.8–1.2)
Low parental socioeconomic status 0.90 (0.6–1.3) 1.18 (0.8–1.8) 0.90 (0.7–1.1) 0.93 (0.7–1.2)
17–19 years
Allergy 5.35 (3.6–7.9) 10.27 (6.4–16.6) 2.22 (1.7–2.9) 3.16 (2.4–4.2)
Current rhinitis 2.46 (1.7–3.7) 1.60 (1.0–2.5) 2.38 (1.9–3.0) 1.88 (1.4–2.5)
Mother asthma 2.17 (1.2–4.0) 2.29 (1.1–4.6) 1.57 (1.0–2.5) 1.32 (0.8–2.2)
Father asthma 1.98 (1.0–3.9) 3.50 (1.9–6.6) 1.32 (0.8–2.2) 1.54 (0.9–2.5)
Environmental smoking 1.51 (1.0–2.2) 1.07 (0.7–1.7) 1.40 (1.1–1.8) 1.36 (1.0–1.8)
Current smoking 1.10 (0.7–1.6) 1.27 (0.8–2.1) 2.59 (2.0–3.3) 2.06 (1.5–2.7)
Overweight 1.89 (1.3–2.8) 1.17 (0.7–2.0) 1.43 (1.5–1.9) 1.26 (0.9–1.7)
Low physical activity 1.11 (0.8–1.6) 1.17 (0.7–1.8) 1.11 (0.9–1.4) 1.11 (0.8–1.5)
Low parental socioeconomic status 1.42 (0.8–2.4) 1.23 (0.7–2.2) 1.10 (0.8–1.5) 0.94 (0.7–1.3)
Non-academic educational level 1.17 (0.6–1.6) 1.17 (0.7–1.9) 1.10 (0.8–1.5) 1.10 (0.8–1.6)
(1) Potential hereditary asthma triggers, (2) lifestyle factors, (3) socioeconomic/educational factors.
E. Tollefsen et al.474reported significantly more wheeze compared to
non-smokers, but no difference was found in
association with asthma except for the youngest
boys.Overweight was associated with asthma and
current wheeze for girls and for the younger boys,
but no association to overweight was found for the
older boys. No associations were found between
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tional factors and respiratory symptoms.Discussion
In this cross-sectional study of adolescents 13–19
years, both current wheeze and asthma were
significantly more prevalent in girls than boys and
was higher with age in girls only. Heredity was
associated with asthma, especially with mothers
for girls, but fathers for boys. Girls seemed more
susceptible to risk factors such as environmental
smoking and overweight than boys.
Searching Medline we have found no previous
publications with focus on sex differences in
current wheeze and asthma and potential risk
factors in adolescence.
The strength of the study was the large number
of participants from a general population, good
respond rates and that the data included the entire
teenage population. Non-responders might have
been absent from school due to more frequent
illness. This potential bias would influence our
estimates to a minor extent, as the overall
response rate was high and a larger number
students with asthma or current wheeze could be
expected to strengthen the association. The limita-
tion of the study was self-reported data that may
be influenced by the veracity of the students.
However, the definitions chosen for outcome
measures were strictly defined, confidentiality
was stressed and there was a consistency in
reporting of health problems, medication and the
need for health services (data not shown).Prevalence
The prevalence of reported wheeze varies between
countries.13 Our findings for current wheeze are
comparable with the results from UK,13 while other
report current wheeze as low as 9.2–10.9%.4
Prevalence of asthma also varies between studies.
Ever having had a diagnosis of asthma at age 12–14
years without stratifying for sex has been reported
from 9.6% to 20.9%,4,14 while other studies have
estimated prevalence of current asthma of 13%.2,15
Lower prevalence of asthma in the present study
may be the result of a more strict definition of the
term asthma, involving both the term current and
doctor diagnosed. This may be a source of bias
influencing prevalence rates due to the improve-
ment in diagnostic criteria over recent years.
However, changes in diagnostic criteria have, mostlikely, affected the prevalence of asthma to the
same degree in both sexes.
The ISAAC questionnaire was designed to clarify
the terminology concerning respiratory symp-
toms.16 Although previously validated,16,17 the
intention to clarify terminology has not yet been
reached, making comparison between results diffi-
cult. In the literature, the terms wheeze and
asthma are often used to describe wheezing illness,
irrespective of diagnosis. The prevalence of poten-
tial risk factors for respiratory symptoms may
differ, depending on what term is used.Associations
Allergy was a strong hereditary asthma trigger
for asthma in both sexes throughout adolescence.
The association between asthma and rhinitis has
previously been described.18 Our findings, when
adjusting for current rhinitis, revealed no increase
in OR in the association between asthma and
current rhinitis in particular, compared to the more
imprecise term current wheeze.
Parental asthma was clearly associated with
asthma. In the youngest girls, compared to the
boys, mother having asthma seemed to be more
important than father having asthma with higher
OR in association with asthma. This could indicate
that mothers with asthma more easily detect the
same symptoms in their young teenage daughters.
This sex difference was reverted in the older age
group with boys, compared to girls, having a higher
OR for father than mother having asthma in
association with asthma, raising the question of a
new aspect of asthma based on genetic qualities.
Girls were current smokers significantly more
often than boys in both age groups. Even though
there was no clear association between current
smoking and asthma, girl’s smoking pattern might
be a potential major aspect to their respiratory
symptoms. Previous studies have reported a higher
prevalence of women with respiratory symptoms
among women who smoke, compared to men who
smoke19 and adolescent females seem to have a
lower threshold for developing respiratory symp-
toms when exposed to tobacco smoking than
adolescent males.20
The simultaneous rise in both obesity and asthma
during the last decades, have lead to a discussion
about a possible relationship between these two
conditions. In our study girls reported significantly
more asthma and wheeze in association with
overweight compared to boys. This is in concor-
dance with previous studies reporting high BMI to
be an independent risk factor for development of
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E. Tollefsen et al.476asthma in a population aged 4–17 yr21 and that
obese women appear to be at higher risk of asthma
than men.22
Own education, more than socioeconomic status,
is found to be strongly related to smoking.23
Previous papers suggest no relationship between
socioeconomic status and asthma prevalence in
children24,25 and The Young-HUNT study supports
this finding.Conclusion
Current wheeze and asthma were significantly
more prevalent and increased with age in girls
compared to boys. Heredity was associated with
asthma, especially with mothers for girls, but
fathers for boys. Girls seemed more susceptible to
risk factors such as environmental smoking and
overweight than boys.References
1. Global Strategy for Asthma Management and Prevention.
NIH-Publications No. 02-3659. 2002. US Department of
Health and Human Services, Public Health Service, National
Institutes of Health, National Heart, Lung and Blood
Institute.
2. Ng Man KG, Proctor A, Billings C, Duggan R, Das C, Whyte MK,
et al. Increasing prevalence of asthma diagnosis and
symptoms in children is confined to mild symptoms. Thorax
2001;56:312–4.
3. Anderson HR, Ruggles R, Strachan DP, Austin JB, Burr M,
Jeffs D, et al. Trends in prevalence of symptoms of asthma,
hay fever, and eczema in 12–14 year olds in the British
Isles, 1995–2002: questionnaire survey. Br Med J 2004;
328:1052–3.
4. Braun-Fahrlander C, Gassner M, Grize L, Takken-Sahli K, Neu
U, Stricker T, et al. No further increase in asthma, hay fever
and atopic sensitisation in adolescents living in Switzerland.
Eur Respir J 2004;23:407–13.
5. Toelle BG, Ng K, Belousova E, Salome CM, Peat JK, Marks GB.
Prevalence of asthma and allergy in schoolchildren in
Belmont, Australia: three cross sectional surveys over 20
years. Br Med J 2004;328:386–7.
6. Crane J, Wickens K, Beasley R, Fitzharris P. Asthma and
allergy: a worldwide problem of meanings and management?
Allergy 2002;57:663–72.
7. Sennhauser FH, Kuhni CE. Prevalence of respiratory symp-
toms in Swiss children: is bronchial asthma really more
prevalent in boys? Pediatr Pulmonol 1995;19:161–6.
8. Brogger J, Bakke P, Eide GE, Johansen B, Andersen A, Gulsvik
A. Long-term changes in adult asthma prevalence. Eur
Respir J 2003;21:468–72.
9. Kuhni CE, Sennhauser FH. The Yentl syndrome in childhood
asthma: risk factors for undertreatment in Swiss children.
Pediatr Pulmonol 1995;19:156–60.10. ISAAC (International Study of Asthma and Allergies in
Childhood) manual, 2nd ed. Auckland (New Zealand)/
Munster (FRG), 1993. p. 1–52.
11. Holmen TL, Barrett-Connor E, Clausen J, Holmen J, Bjermer
L. Physical exercise, sports, and lung function in smoking
versus nonsmoking adolescents. Eur Respir J 2002;19:8–15.
12. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a
standard definition for child overweight and obesity
worldwide: international survey. Br Med J 2000;320:
1240–3.
13. Asher MI, Anderson HR, Stewart AW, Crane J. Worldwide
variations in the prevalence of asthma symptoms: the
International Study of Asthma and Allergies in Childhood
(ISAAC). Eur Respir J 1998;12:315–35.
14. Kaur B, Anderson HR, Austin J, Burr M, Harkins LS, Strachan
DP, et al. Prevalence of asthma symptoms, diagnosis, and
treatment in 12–14 year old children across Great Britain
(international study of asthma and allergies in childhood,
ISAAC UK). Br Med J 1998;316:118–24.
15. Chrischilles E, Ahrens R, Kuehl A, Kelly K, Thorne P,
Burmeister L, et al. Asthma prevalence and morbidity
among rural Iowa schoolchildren. J Allergy Clin Immunol
2004;113:66–71.
16. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez
F, et al. International Study of Asthma and Allergies in
Childhood (ISAAC): rationale and methods. Eur Respir J 1995;
8:483–91.
17. Maziak W, Behrens T, Brasky TM, Duhme H, Rzehak P,
Weiland SK, et al. Are asthma and allergies in children
and adolescents increasing? Results from ISAAC phase
I and phase III surveys in Munster, Germany. Allergy
2003;58:572–9.
18. Leynaert B, Neukirch C, Kony S, Guenegou A, Bousquet J,
Aubier M, et al. Association between asthma and rhinitis
according to atopic sensitization in a population-based
study. J Allergy Clin Immunol 2004;113:86–93.
19. Langhammer A, Johnsen R, Holmen J, Gulsvik A, Bjermer
L. Cigarette smoking gives more respiratory symptoms
among women than among men. The Nord-Trondelag
Health Study (HUNT). J Epidemiol Community Health
2000;54:917–22.
20. Holmen TL, Barrett-Connor E, Clausen J, Langhammer A,
Holmen J, Bjermer L. Gender differences in the impact of
adolescent smoking on lung function and respiratory
symptoms. the Nord-Trondelag Health Study, Norway,
1995–1997. Respir Med 2002;96:796–804.
21. von Mutius E, Schwartz J, Neas LM, Dockery D, Weiss
ST. Relation of body mass index to asthma and atopy in
children: the National Health and Nutrition Examination
Study III. Thorax 2001;56:835–8.
22. Chen Y, Dales R, Tang M, Krewski D. Obesity may increase the
incidence of asthma in women but not in men: longitudinal
observations from the Canadian National Population Health
Surveys. Am J Epidemiol 2002;155:191–7.
23. Paavola M, Vartiainen E, Haukkala A. Smoking from
adolescence to adulthood: the effects of parental and own
socioeconomic status. Eur J Public Health 2004;14:417–21.
24. Hancox RJ, Milne BJ, Taylor DR, Greene JM, Cowan JO,
Flannery EM, et al. Relationship between socioeconomic
status and asthma: a longitudinal cohort study. Thorax
2004;59:376–80.
25. Mitchell EA, Stewart AW, Pattemore PK, Asher MI, Harrison
AC, Rea HH. Socioeconomic status in childhood asthma. Int J
Epidemiol 1989;18:888–90.
